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We report the experimental evidence in support of room temperature ferromagnetism in Ni doped
3C-SiC. Curie temperature is found to be > 350K. Temperature dependent Electron paramagnetic
resonance (EPR) study reveals that the valence state of Ni is 2+ and its environmental symmetry. A
clear shift in both XRD and Raman peak confirms the incorporation of Ni in the host lattice. The
variation in number of vacancies VSi,VC and the number of free electron due to doping is consistent
with the change in magnetization of the system. A direct correlation of ferromagnetic order (FM)
with F+ centers exchange mechanism is established. The temperature variation of the anisotropic
constant was determined using Law of Approach to Saturation (LAS). It was found that effective
magnetic anisotropic constant decreases with increase in temperature. The EPR line width of the
annealed sample increases with decrease in temperature, whereas the integrated intensity decreases
with decrease in temperature. This could be due to incomplete quenching of orbital angular mo-
mentum in SixNi1−xC. In addition to this, the orbital degeneracy of fast relaxing impurity such as
Ni in the cubic crystal field is not completely removed. This results in the line width decrease with
increase in temperature.
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I. INTRODUCTION
Dilute magnetic semiconductors (DMS) have been investigated extensively over the years since the theoretical
prediction by Dietl et. al. that room temperature ferromagnetism (FM) could be realized in Mn (5 %) doped GaN
and ZnO wide band gap semiconductors (WBG) with appropriate hole concentration [1]. Recently it has been
shown that the room temperature (RT) FM exhibited by Co doped TiO2 is due to long range magnetic order in the
system which is intrinsic in nature [2]. Since in DMS both charge and spin degrees of freedom can be used and
manipulated wisely, it can display multi-functionality, one of the primary goals of spintronics. In order to make use
of DMSs as spintronic material, it should exhibit long range magnetic order around or above the room temperature
(RT). Several materials have been investigated over the years by various groups along this line. However, among the
potential WBG semiconductors, SiC is a unique material having exceptional properties under extreme conditions,
such as high saturation electron drift velocity, high breakdown voltage, high thermal conductivity, low thermal
expansion, chemical inertness and high radiation resistance [3]. There are many reports on room temperature
ferromagnetism in transition metal (TM) doped SiC. The ion implanted Fe doped 6H-SiC DMS exhibits TC of 270
K [4]. Double transitions have been found in Fe doped SiC due to formation of Fe3Si secondary phase [5]. The
polycrystalline Mn doped 3C-SiC exhibits FM transitions at 250 K [6]. Ferromagnetic order with of 250 K was
3exhibited by Mn doped 6H-SiC with small molar fraction. A high TC value of 780 K has been reported by Gyanti et
al in Mn doped 3C-SiC [7, 8]. Cr doped 6H-SiC single crystals show FM transition at 69 K and the polycrystalline
3C-SiC with Cr doping shows magnetic transition at 760 K [9, 10]. Similarly Ni ion implantation of SiC display
TC of 50 K and Ni doped annealed SiC thin film order magnetically below 300 K [4, 11]. There are also reports
in literature on Co doped SiC exhibiting room temperature FM order [12]. In addition, undoped SiC has also been
found to display a very feeble ferromagnetism with high TC (760 K) [13]. This could be due to defects present
in the sample during synthesis. But for the fabrication of spintronic device one should get rid of the issues like
segregation or secondary phase induced magnetism, magnetic binary or ternary phases of TM with Si or C and
magnetism due to coexistence of different polytypes. Since very little attention has been paid towards Ni doped
3C-SiC, in this article we discuss the preparation of Ni doped 3C-SiC in a single step process using spark plasma
technique by carbothermal reduction of silica with required precursor of Nickel. Experimental investigation shows
that no secondary phase has been formed. Raman spectra peaks shift towards higher wave number side and full
width at half maximum (FWHM) decreases with Ni doping. Magnetic measurements shows that all the Ni (1, 3, 5)
% doped SiC samples exhibit RT ferromagnetism. Because of the high resistance of the sample, both defects and
TM dopant elements plays vital role in setting up long range magnetic order in the system. Temperature dependent
Electron Paramagnetic Resonance (EPR) study reveals that Ni is in Ni2+ valence state and occupies substitutional
Si sites with a slightly distorted tetrahedral environment. It also supports the RT ferromagnetic nature of the sample.
II. EXPERIMENTAL PROCEDURE
The Ni-doped 3C-SiC polycrystalline samples were prepared by carbothermal reduction method. Rice husk was
mixed with appropriate amounts of nickel precursor such as Ni (Cl2) 6H2O. The details of the synthesis of SiC from
rice husk can be found elsewhere [14, 15]. Typical experimental conditions are Argon gas flow-2-LPM, current-
50A, and load voltage-300V. The growth temperature and time were fixed at 1600°C and 15mins, respectively. The
possible reactions for the formation of SiC from Rice Husk can be written as
SiO2(amorphous)+3C(amorphous)−→ SiC+2CO
The chemical reaction for Ni incorporation into SiC is as follows
NiCl2(6H2O)+2SiO2+3C−→ SiNiC+2HCl+5H2O+CO2+3O2 ↑ (1)
The structural characterization was carried out using Rigaku Smart lab X-ray diffractometer (XRD) with 9
kW power generator at room temperature and Horiba Jobin–Yvon HR-800 Micro Raman spectrometer with 488
nm laser wavelength. The microstructure was analyzed using Transmission electron microscope (TEM) Technai
4model with 200kV operating voltage. While a commercial Quantum Design 9 Tesla PPMS based Vibrating Sample
Magnetometer (VSM) was employed for the low-temperature magnetization measurements, the high-temperature
measurements were carried out using a Lakeshore VSM. The valence state of unpaired electrons, dipolar interac-
tion, and anisotropy in the system was probed using electron spin resonance spectrometer JEOL model JES FA
200.
III. RESULTS AND DISCUSSION
A. Structure and Microstructure
Fig. 1(a) shows the X-Ray diffraction (XRD) spectra of the undoped and Ni doped 3C-SiC. No additional peaks
were found in doped samples. The shift of peak position 2θ = 36◦ towards higher angle side with increase in
concentration indicates the incorporation of Ni into the host lattice. Fig.1(b) shows the Raman spectra of undoped
and Ni-doped 3C-SiC samples. The shift in peak positions [Transverse Optical (TO) and Longitudinal Optical
(LO)] towards higher wave number and increase in full width half maximum (FWHM) of the Raman spectra with
increase in Ni concentration can be attributed to formation of defects and some local tetrahedral distortion within
Ni doped SiC. This also indicates the increase in carrier concentration in the host matrix due to nickel doping. The
selected area electron diffraction pattern of undoped and Ni-doped 3C-SiC samples show the crystalline quality
and corresponding cubic symmetry F ¯43m as shown in the Fig. 2. The crystalline quality of the sample has been
reduced a little bit because of the defect formation during the synthesis.
Isothermal magnetization and FC–ZFC curves have been recorded in the temperature range 5K–350K using
SQUID vibrating sample magnetometer (VSM) and PPMS based VSM. Fig. 3 represents the magnetic hysteresis
(M-H) plots for different Ni (1, 3, 5) % doped samples. The inset shows the FC-ZFC plots recorded at 1000 Oe
applied field up to a temperature of 350 K. In all these curves the bifurcation sustains up to room temperature,
which indicates that ferromagnetic interaction is present in the system. Upon annealing the sample at 12000 C for
12 hr , magnetic measurement was carried out on the samples from 5K to 350 K. Fig. 4 shows the FC-ZFC plots
of Ni (1, 3, 5) % doped annealed sample at applied field of 1000 Oe. The area under FC-ZFC curves decrease
with rise in temperature, which is obvious, as the separation indicates the anisotropy present in the sample. With
increase in thermal energy the anisotropy barrier is gradually overcome by the spins resulting in spin disorder. The
Fig. 5(a, b, c) shows the hysteresis plots of Ni (1 , 3, 5) % doped samples up to 9T. The nonlinear behavior clearly
supports the claim of room temperature FM. The magnetic moment value varies from 0.31 emu/g to 1.69 emu/g as
the Ni concentration is increases from 1 % to 5%. However pure 3C-SiC may also display ferromagnetic behavior
at RT due to defects present in it. But the moment value is at least 3 orders of magnitude smaller than that of
5Figure 1. XRD and Raman Spectra of Undoped and Ni doped 3C-SiC. This figure shows XRD pattern of undoped and Ni-
doped 3C-SiC. Inset shows zoom portion of (111) peak (b) shows Raman spectra of undoped and Ni-doped 3C-SiC. A clear
shift in peak position has been observed in all the doped sample as compared to the undoped sample.
Figure 2. The presence of stacking fault in the undoped and Ni doped 3C-SiC (a, b, c & d). SAED pattern of pure and Ni (1,
3, 5 )% doped 3C-SiC (e, f, g & h). It clearly reveals the cubic nature of the systems with F4¯3m space group symmetry.
6Figure 3. M-H plots of Ni (1, 3, 5) % doped 3C-SiC before annealing showing the Ferromagnetic behavior at room tempera-
ture. Inset in each of the subfigures shows the non-zero value of coercivity in each sample.
Figure 4. ZFC-FC Plots of Ni (1,3,5)% doped 3C-SiC at applied magnetic field H = 1kOe.
moment value of all the Ni doped samples. So in order to get higher moment and high Curie temperature both TM
element and defects play decisive role in DMSs. Again the substitution of Ni2+ (from EPR study) in place of Si4+
can introduce (local) anisotropy in the system. This magneto crystalline anisotropy and its role on the magnetic
interactions in the system has been analyzed using the M-H loop.
In order to extract the magnetic parameters from the M-H curves, Eq. (2), [16, 17] has been used to fit the
experimental data.
M(H) =
2MS
pi
tan−1
[
H±HC
HC
tan
(
piS
2
)]
+χH, (2)
where MS − saturation magnetization, HC Coercivity, H – applied field, S = Mr/Ms – squareness ratio of the
isothermal M-H loop and χ−magnetic susceptibility. The FM contribution from the system is represented by the
7Figure 5. M-H plots of Ni (1, 3, 5) % doped 3C-SiC after annealing showing the Ferromagnetic behavior at room temperature.
Inset shows the non-zero value of coercivity in each sample.
Figure 6. The M-H plot of Ni (1, 3, 5) % doped 3C-SiC before annealing and fitted to Eq. (2).
first term on the right hand side and second term represents the paramagnetic contribution originating from the
host matrix and isolated unpaired magnetic moment. The experimentally determined M(H) values are in close
agreement with the corresponding values calculated using Eq. (2) as shown in Fig. 6. It can clearly be seen
from the FC-ZFC curve shown in Fig. (4) that the magnetization is finite at room temperature. Hence the Curie
temperature of the Ni doped sample TC could be found above room temperature as supported by M-H analysis.
However, to find the Curie temperature in a quantitative manner, the (M-T) FC plot has been fitted to Eq. (3). The
close agreement of the experimental data with Eq. (3) is shown in Fig. 7 [18–20] and the extrapolation of the fitting
curve indicating the expected TC of Ni doped samples is shown in Fig. 7 (b)
M(T ) = M(0)[1− s(T/TC)3/2− (1− s)((T/TC))p]β . (3)
In this equation, M(0) – Initial magnetization (5 K), s – shape factor, p – semi empirical fit parameter and β –
8Figure 7. (a) M-H plot of Ni (1, 3, 5) % doped 3C-SiC after annealing with fits to Eq. (2). (b) Curie Temperature determination
from FC plot using Eq. (3).
Figure 8. (a) Variation of Hysteresis with temperature of Ni doped SiC samples. (b) Variation of MS with T for Ni-doped
3C-SiC. The dotted lines are guide to the eye.
critical exponent of the order parameter. The shape parameter’s value is found to be 0.40 which is a clear sign
of long range magnetic ordering. Furthermore, the value β = 0.49, obtained from fitting supports the long range
ferromagnetic ordering present in the the system as per the mean field theory. The value of the semi empirical fit
parameter p, on the other hand is found to be 0.85. The Fig. 8 (a, b) shows the variation of HC and MS with T .
9Figure 9. (a) High field part of M(H) data fitted to the Law of approach to saturation. (b) Variation of KE with T for Ni-doped
3C-SiC. Anisotropic constant decreases with increase in temperature for all Ni-doped sample. The dotted lines are guide to
the eye.
The Curie temperature of the Ni (1%, 3% & 5% ) doped 3C-SiC samples are found to be 428 K, 520 K & 540 K
respectively.
B. Analysis of magnetic anisotropy from DC magnetic response using LAS model:
The magnetocrystalline anisotropy study was carried out using isothermal magnetization data in the higher field
side. The high field part of the M(H) data can be fitted to determine the effective magnetic anisotropic constant
(KE) using the Law of approach to saturation. The results are shown in Fig. 9. The law of approach to saturation can
be used for polycrystalline magnetic materials to obtain an approximate estimation of anisotropy constant [21–24].
M(H) = MS
[
1− a
H
− b
H2
]
+χhfH, (4)
with M(H) – Magnetization in the field H, MS – Saturation magnetization, χhf− High field susceptibility, a/H−
Strain field around Defects/dislocation, b/H2 – Magnetic anisotropy. The coefficient b in the equation is related to
the effective magnetic anisotropy (KE) by the following relation
b =
4K2E
15M2S
The high field magnetization data (≥ 1 Tesla field) is fitted to the Eq. (4).
10
Figure 10. BMP Fit of M-H Plots for Ni (1%, 3%, 5%) doped 3C-SiC
The KE values at 5K and 350K temperatures in case of 5% Ni doped 3C-SiC sample are respectively found to
be 2.15× 105 erg/cm3 and 0.85× 105 erg/cm3. Both KE and MS decrease with increase in temperature, keeping
their ratio almost constant. This is due to an increase in coercivity with the decrease in particle size of a multi-
domain particle before a critical size limit is reached below which the particle goes into mono domain state. The
increase in coercivity (HC) observed in the lower temperatures regime can be ascribed to an increase in effective
anisotropy (KE), caused by inter granular pinning. Fig. 9 (b) presents the variation of effective anisotropy constant
(KE) with temperature. The large magnetic moment value indicates the presence of strong magnetic interaction in
Ni-doped systems. The anisotropy constant decreases with increase in temperature which indicates the weakening
of magnetic interaction due to thermal agitation.
C. Mechanism:
The magnetic properties of the system could depend upon many parameters such as concentration and distribu-
tion of TM ions, types and concentration of defects and n-type or p-type doping. The long range magnetic order
in DMS has been explained based on either Zener model (Mn doped GaN) or hole mediated exchange interaction
proposed in [1] (Mn doped ZnO). However the defects (VSi, Vc) present in the system may play important role in
the establishment of long range ferromagnetic order in transition metal doped SiC. Among the various theoretical
models developed to explain FM in DMSs, the percolation model developed by Kaminski and Das Sarma [25] is
used to explain the magnetism in Mn doped GaAs system. In the case of oxide DMS (ODMS) system, the Bound
Magnetic Polaron (BMP) model of Coey et al [26] has been used to explain long-range magnetic order. As the
carrier concentration is low similar to ODMS, the BMP model is used to explain the magnetic response of 3C-SiC.
To check the applicability of the BMP model, M-H plot of Ni doped 3C-SiC was fitted to BMP model [27]. The
Equation used for the fitting is given below
11
Figure 11. M-H Plots after substracting Paramagnetic part
T(K)
M0 Meff×10−17 χm×10−6 N×1016
(emu/g) (emu) (emu/gOe) (cm−3)
50 0.021 0.75 5.80 8.8
100 0.018 1.58 2.74 3.6
150 0.016 2.79 2.16 1.8
200 0.015 4.08 1.84 1.1
250 0.013 5.41 1.65 0.77
300 0.012 6.66 1.53 0.57
350 0.011 7.87 1.43 0.44
Table I. BMP Fitting Parameters of Ni 1% doped 3C-SiC at different T .
M = M0L(x)+χmH (5)
here M0L(x) – Bound Magnetic Polaron Contribution and χmH – is the Host matrix Contribution (3C-SiC) M0 =
NMS with N = number of BMPs, MS =‘effective’ spontaneous moment per BMP, χm− susceptibility of the matrix,
L(x) = coth(x)− x−1, the Langevin function x = Meff/kBT , where Meff− true spontaneous moment per BMP.
At higher temperature, it can be approximated to MS = Meff to estimate the number of BMPs. The M–H curve
was analyzed by using Eq. (6). The values of the parameters M0, Meff and χm aren’t fixed and are obtained through
fitting. The experimental plots, along with fitted curves, are shown in Fig. 10 (a, b, c) for (1, 3, 5) % Ni-doped SiC.
M-H plots for different Ni concentration at various temperatures after subtracting paramagnetic contribution
are shown in Fig. 11 (a, b, c). The corresponding fitted parameters are given in Tables I and II. The spontaneous
moment per BMP, is found to be ∼ 1017 emu. By assuming MS = Meff, the concentration of BMP is found to be
∼ 1018 per cm3, as shown in the Table. The no of BMP needed to achieve percolation, and to set up long-range
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3% 5%
T(K) M0 Meff×10−17 χm×10−6 N×1016 M0 Meff×10−17 χm×10−6 N×1017
(emu/g) (emu) (emu/gOe) (cm−3) (emu/g) (emu) (emu/gOe) (cm−3)
50 0.32 0.80 6.10 12.8 1.53 0.68 15.50 7.20
100 0.29 1.78 3.35 5.22 1.46 1.25 7.95 3.74
150 0.27 2.87 2.79 3.01 1.42 1.56 7.57 2.92
200 0.24 4.05 2.50 1.90 1.29 2.48 5.19 1.66
250 0.22 5.07 2.30 1.39 1.16 3.13 4.68 1.18
300 0.20 6.41 2.15 1.00 1.12 3.77 4.64 0.95
350 0.17 7.87 2.03 0.69 1.00 4.43 4.28 0.72
Table II. BMP Fitting Parameters of Ni 3% and 5% doped 3C-SiC at various T .
ferromagnetic order is 1020 per cm3 in oxide DMS system (ZnO) [28]. But in our case, the number of BMP
calculated from fitting (1018 per cm3) is two orders of magnitude smaller than the required concentration. So defect
alone cannot be held responsible for room temperature ferromagnetism in the system. Hence the BMP model is not
a suitable model to explain the High-temperature ferromagnetic response of the system. However, Ni-doped 3C-
SiC synthesized at high temperature provides a favorable condition to form defects such as (VSi, VC, VSiC), which
has already been confirmed by FC/ZFC measurement on pure 3C-SiC. Similar to the case of Mn-doped ZnO, here
Ni also acts as charge donor. The presence of VSi, VC vacancies in our samples is favorable for the occupation of
holes due to the activation of acceptor states. Again the replacement of Si4+ by Ni2+ will produce two holes. In
effect, it induces long-range ferromagnetic order in the system. As the Ni concentration increases, the number of
holes also increase (As already seen from the broadening of EPR spectra). So to explain long-range ferromagnetic
order in the Ni-doped 3C-SiC, the carrier-mediated (hole) interaction is another suitable choice. In addition to this,
grain boundary and dislocation like defects can play a vital role in inducing the long-range ferromagnetic order
in the system [8, 29, 30]. Exchange interactions between one localized carrier, trapped by defects most likely VSi,
Vc here and many surrounding Ni2+ ions align all the Ni2+ spins around the carrier localization center, forming a
BMP. To explain the long-range magnetic order in Ni-doped 3C-SiC, we have invoked a modified BMP model. In
this context, there are two possibilities for magnetic interaction. (a) If the distance between two polarons is smaller
than the individual diameter then the long-range ferromagnetism can be achieved by direct overlapping of BMPs
and (b) if the distance between two polarons is much larger than the individual polaron diameter then interaction
between the two polarons can be achieved by magnetic impurities (as the concentration is sufficient) and sets
of long-range order in the systems. As one can see in 1% (0.57× 1016cm−3), 3% (0.12× 1017cm−3) and 5%
(0.95×1017cm−3) Ni-doped samples at RT the BMPs density is not sufficient for overlap to reach the percolation
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limit. So the magnetic impurity may act as a kind of messenger to facilitate the exchange interaction among the
BMPs to achieve ferromagnetism in the system. Experiments suggest that the strong hybridization between C 2p
and Ni 3d orbitals gives the spontaneous spin polarization [31–33]. From Raman study, we have also found that
the carrier concentration increases with an increase in Ni concentration. This might also play an important role in
inducing magnetism in the system. Thus, RT ferromagnetism in Ni-doped 3C-SiC can be explained as the sum of
the effects from BMPs percolation, carrier-mediated BMPs and orbital hybridization between carbon p orbitals and
Nickel d orbitals.
D. EPR spectral characteristics of Ni2+ doped 3C-SiC:
In order to shed more light on the microscopic origin of the magnetization, temperature variation EPR measure-
ment were carried out on pure and Ni (1%,3%, and 5%) doped 3C-SiC. It was performed using a JEOL X-band
(ν−9.5GHz) spectrometer having a rectangular cavity with 100 kHz field modulation and phase-sensitive detec-
tion. EPR measurements on the doped samples were used to explore the actual spin state of Ni2+ in the host lattice.
The Ni2+ ion may occupy a substitutional Si4+ or Carbon site and may also occupy interstitial sites. Assuming
a greater possibility of Ni2+ occupying a substitutional Si site, the system will require Si vacancies for charge
compensation (low energy state). The doping of Ni2+ is also expected to generate holes and electrons defects. The
native, undoped 3C-SiC lattice itself shows the presence of defects that is verified by the presence of a sharp EPR
resonance at g = 2. The ground electronic state of Ni2+, d8 spin system in a tetrahedral or distorted tetrahedral
crystal field is formally t2g, eg. Unless the distortion from Td symmetry splits the doubly degenerate eg levels far
apart, the system is likely to be in a triplet ground state with S = 1. The EPR spectrum will correspond to a triplet
ground state with g anisotropy and anisotropic zero-field splitting. Energy level diagram of the Ni2+ 3d orbitals
(d8) under various crystal field symmetries is shown below. The natural abundance of any magnetic Ni isotope
(S 6= 0) being less than 1%, we do not expect any hyperfine splittings in the EPR spectrum. The presence of fer-
romagnetism was also observed from the electron spin resonance spectroscopy. Asymmetry shows the presence of
distortion in the structure whereas broadening of the peak shows the presence of ferromagnetic interaction at the
room temperature. Asymmetric spectral line shape observed in the 5% Ni doped SiC spectra shows that system
has higher distortion as compared to 1% Ni doped sample. The broken degeneracy being the reason for anisotropic
g factors. Asymmetric features at the lower field show the presence of ferromagnetic component as shown for a
prepared sample in Fig. 12 (a, b, c).
The EPR spectra of 1% Ni2+ doped SiC shows broad asymmetric EPR lines with a sharp resonance at g =
2 arising out of defects. At the highest concentration of 5% Ni2+ the spectra clearly shows broad asymmetric
14
Figure 12. EPR spectra of Ni (1,3 5)% doped SiC befora and after annealing
resonance with g < 2.00 due to spin orbit coupling mixing the levels within the t2g. Also a broad peak centered
around g= 4 which is presumed to be the ‘forbidden’ transition from MS =−1 to MS =+1 of the spin triplet is the
so-called ‘double quantum transition’ (Fig. 12 (a, b, c)). The very broad anisotropic transition is due presumably to
exchange broadening as well as an anisotropic zero-field splitting which will lead to an asymmetric EPR absorption
in randomly oriented D-tensor from a powder system. Further broadening is caused by the anisotropic g-tensor.
The absence of resolved g-features can be attributed to ferromagnetic interactions aided by long range exchange
interactions between the Ni2+ impurity ions. The magnetic susceptibility measurements clearly support this claim.
The spin Hamiltonian for Ni2+ with S = 3/2 can be written as
Hˆ = β (gX HX SX +gY HY SY +gZHZSZ)+D
(
S2Z−
3
2
)
+E
(
S2X −S2Y
)
(6)
here D and E are the zero-field splitting parameters, and g-tensor is assumed to be orthorhombic. D and E are
related to the principal values of the D-tensor defined as
DZZ =
2
3
D, DYY =−13D+E, DXX =−
1
3
D−E (7)
15
Figure 13. EPR Fit with Lorentzian and Dysonian Component.
Figure 14. (a) Variation of Line width with temperature (b) Variation of Integrated Intensity with temperature of Ni (1,3,5)%
doped SiC.
Upon annealing, the spectra of Ni-doped 3C-SiC in all three cases (1, 3, 5)% become more symmetric. This
happens with a reduction in the intensity of the sharp line on account of some electron-hole annihilation and some
of the Ni2+ diffusing into more low energy substitutional Si-sites. The detailed discussion on EPR spectra of
annealed sample is given below.
E. Interpretation of EPR spectra of Annealed sample
Plots in Fig. 12 (d, e, f) show the temperature dependence of the EPR spectra of the annealed sample. The EPR
spectrum becomes more symmetric with decreased line width and increased intensity as the temperature increases
16
for 1% and 3% Ni doped samples while a decrease in intensity was observed for 5% Ni doped sample.
S = L
∆H2
(Hext−Hr)2+∆H2
+D
∆H (Hext−Hr)
(Hext−Hr)2+∆H2
+C, (8)
here S → EPR Signal, L→ Lorentzian Part, D→ Dysonian Part, ∆H → Line width, Hr → Resonance Field,
Hext → External applied field and C→ constant. Fitting of experimental EPR plot of annealed samples with the
Eq. (8) are shown in Fig. 13 (a, b, c). Eq. (8) has been used to fit the experimental EPR plot and variation
of obtained parameters is shown below. Fig. 14 (a) shows the temperature dependence of EPR line width for
1% and the 3% Ni doped samples respectively. From the fitting we found that it consists of two signals – one
from Ni2+ ions and other from paramagnetic defects present in the system. With decrease in temperature, both
signals get broadened and spectrum smears out as broadening become more prominent. There are several factors
which could contribute to the line broadening of the EPR spectrum. Such are the structural defects (formed during
synthesis), dipolar interaction and unresolved hyper-fine interaction present in the system. The strain broadening
due to a charge imbalance of Ni2+ from the host cation and spin disorder in the system can also play significant
role in line broadening of the spectrum. The disproportionate increase in the magnetization contribute to line
broadening which arises out of defects in the dipolar field present in the system. In Mn doped CdSe and CdTe
family of dilute magnetic semiconductors line broadening has been shown at lower temperature [34]. This could
be the consequence of fast relaxing impurity present in the system [35]. Fig. 14 (b) represents the integrated EPR
intensity as a function of temperature for 1%, 3% and 5% doped sample respectively. In contrast to the 5% doped
sample, the intensity of 1% and 3% samples increases with an increase in temperature. However considering the
plot of 5% Ni doped SiC sample in Fig. 14 (b), we found that the integrated intensity of the EPR resonance line
increases as the temperature is raised from 110 K to 365 K and then decreases with an increase in temperature.
This feature does not follow the usual Curie’s law type behaviour which could be due to the incomplete quenching
of orbital angular momentum. Hence the observed EPR intensity shows deviation from Curie’s law at relatively
low temperatures. But with an increase in temperature (kBT ), on account of spin orbit coupling which results in
splitting the ground state [36][37], it starts following the law again. It also could be explained using frozen spin
frustration profile present in the system. Since defects are present in the host lattice which could act as source of
para-magnetism. Upon cooling to 110 K these randomly oriented magnetic moment will freeze in the host material
which will give a very small or zero net moment. In the presence of magnetic field, the magnetic dipole moment
will try to orient along the field direction, where as with increase in temperature, the thermal energy will try to
randomize these spins. However in our system, at a temperature of approximately 365 K, the thermal energy takes
over the energy of interaction of the moments with the applied magnetic field. Hence it randomizes the magnetic
moments despite the presence of applied field. Due to this, paramagnetic susceptibility decreases with increase in
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temperature as per the Curie’s law, which can be found in the later part of the plots for the 5% doped sample [38].
Hence Ni doped (1, 3, 5) % doped sample shows spins in the system are strongly coupled and form spin clusters
probably at the defect sites. The intensity of this peak (S1) shifts towards lower fields with decrease in temperature
which could be due to more spins becoming coupled and the size of spins clusters increases as shown in Fig. 12(d,
e, f). In the case of 5% doped sample the peak (S2) at g∼ 1.99 completely disappear which can be attributed to the
reduction of defect density due to annealing.
IV. SUMMARY & CONCLUSIONS:
The sample exhibits room-temperature ferromagnetism. The observed room temperature ferromagnetism is
explained based on intrinsic exchange interaction of Ni ions with VSi, VC, defects. So both the defects and TM ions
are an essential ingredient to induce high moment and high transition temperature. The Curie temperature of the
Ni (1%, 3% & 5% ) doped 3C-SiC samples are found to be 428 K, 520 K & 540 K respectively. The magnetic
anisotropy decreases with increase in temperature due to weakening of magnetic interaction caused by thermal
agitation. EPR spectra show that the valence state of Nickel is Ni2+ in 3C-SiC. The line width and integrated
intensity variation with temperature indicates the vital role Ni2+ion played in setting up the long range magnetic
order in the system.
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